Pathological manifestations of the acanthocephalan parasite, Tenuiproboscis sp. in the mangrove red snapper (Lutjanus argentimaculatus) (Forsskål, 1775), a candidate species for aquaculture from Southern India by Sanil, N K et al.
Aquaculture xxx (2010) xxx–xxx
AQUA-629382; No of Pages 8
Contents lists available at ScienceDirect
Aquaculture
j ourna l homepage: www.e lsev ie r.com/ locate /aqua-on l inePathological manifestations of the acanthocephalan parasite, Tenuiproboscis sp. in the
mangrove red snapper (Lutjanus argentimaculatus) (Forsskål, 1775), a candidate
species for aquaculture from Southern India
N.K. Sanil a,⁎, P.K. Asokan b, Lijo John a, K.K. Vijayan a
a Fish Health Section, Marine Biotechnology Division, Central Marine Fisheries Research Institute, PB No. 1603, Cochin, 682018, India
b Calicut Research Center of CMFRI, West Hill P.O., Calicut, 673005, Kerala, India⁎ Corresponding author. Fish Health Section, Marine B
Marine Fisheries Research Institute, PB No. 1603, Ernakul
India. Tel.: +91 484 2394867; fax: +91 484 2394909.
E-mail address: nksanil@gmail.com (N.K. Sanil).
0044-8486/$ – see front matter © 2010 Elsevier B.V. Al
doi:10.1016/j.aquaculture.2010.10.027
Please cite this article as: Sanil, N.K., et al.,
red snapper (Lutjanus argentimaculatus) (Fa b s t r a c ta r t i c l e i n f oArticle history:
Received 17 September 2010
Received in revised form 14 October 2010







PathologyThe study describes the pathological manifestations of the acanthocephalan, Tenuiproboscis sp. in the
mangrove red snapper, Lutjanus argentimaculatus, a highly valued food ﬁsh along the southwest coast of India.
The ﬁsh collected from Calicut, Cochin and Kannur harboured the acanthocephalan parasite, Tenuiproboscis sp.
with up to 100% prevalence. Heavy infections with the parasites were observed in the posterior region of the
intestine, almost blocking the lumen. At the site of parasite attachment, the surface of the intestine appeared
thickened and the mucosal epithelium showed compression and abrasion. Intestinal folds were eroded along
with thickening of lamina propria. The presoma of the parasites pierced the mucosal epithelium, lamina
propria, muscle layers and serosa, reaching the peritoneal cavity, surrounded by a tunnel with collagenous
ﬁbers and granulocytes. Inﬂammation, granular tissue formation, connective tissue proliferation and
associated host immune reactions were evident. Though the worms substantially damaged the architecture
of the intestinal tissues, no apparent ill effects on the general health/condition of the ﬁsh were observed. The
parasite was also recovered from Epinephelus malabaricus and Lates calcarifer. This is the ﬁrst report of
Tenuiproboscis sp. from L. argentimaculatus, E. malabaricus and L. calcarifer.iotechnology Division, Central
am North P.O., Cochin, 682018,
l rights reserved.
Pathological manifestations of the acanthocep
orsskål, 1775), a candidate species..., Aquacult© 2010 Elsevier B.V. All rights reserved.1. Introduction
Occurrence of disease conditions particularly due to parasites has
become a major constraint in aquaculture (Bondad-Reantaso et al.,
2005). Besides the direct losses caused by mortality, parasites have
considerable impact on growth, resistance to other stressing factors,
susceptibility to predation, marketability and pave way for secondary
infections (Scholz, 1999; Lom and Dyková, 1992; Woo, 2006).
Parasitic infections in ﬁshes are common, especially in wild popula-
tions where ecological requirements for intermediate hosts and
parasite transmission are met (Feist and Longshaw, 2008). Manage-
ment of parasitic problems is the major limiting factor in ﬁnﬁsh
aquaculture in terms of proﬁtability and environmental health
(Mustafa et al., 2001; Costello, 2009; Burridge et al., 2010).
The mangrove red snapper (Lutjanus argentimaculatus) is a highly
valued food ﬁsh in the tropical and sub-tropical countries (Liao et al.,
1995). Though a common inhabitant of estuaries and coastal waters, it
is never found in sufﬁcient quantities to meet the commercial demand
and the culture still depends on wild fry, the supply of which islimited, seasonal and unpredictable. Despite these constraints, in
recent years, aquaculture of the mangrove red snapper has become
immensely popular in Southeast Asia and Australia due to its high
market price (Emata and Borlongan, 2003). L. argentimaculatus is
considered as a euryhaline, hardy and fast growing ﬁsh capable of
tolerating stress and crowding (Leu et al., 2003). These attributes
make it an ideal species for aquaculture. Most of the aquaculture
production of L. argentimaculatus comes from Southeast Asia where
they are reared in marine cages and brackish water ponds. In 2008,
world production of L. argentimaculatus from capture ﬁsheries was
more than 17,563 tons while aquaculture production was recorded at
3502 tons (FAO, http://www.fao.org/ﬁshery/species/3134/en).
Acanthocephalans are a group of endoparasitic helminths com-
monly found in both marine and freshwater ﬁshes worldwide. They
have a complex life cycle involving arthropods as intermediate hosts
and vertebrates as deﬁnitive or paratenic hosts and are known to
cause pathological conditions in many ﬁn ﬁshes (Nickol, 2006). The
irreversible mechanical damage caused by the attachment of the
armed proboscis affect the architecture of the intestinal tissues
leading to pathological changes. Loss/degeneration of the intestinal
villi, formation of granular tissues and capsule formation associated
with host immune responses seriously affect the digestive and
absorptive efﬁciency of the animal. In heavy infections they can
cause occlusion of the gut and invasion/migration of the parasites intohalan parasite, Tenuiproboscis sp. in the mangrove
ure (2010), doi:10.1016/j.aquaculture.2010.10.027
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the drain of valuable nutrients, involvement of toxins and localized
toxaemia has also been suggested by some authors (Holloway, 1966;
Schmidt et al., 1974). But, diverse views exist regarding the intensity
of damage caused by the parasites to the well being of the host and in
many cases, apparent changes are not reﬂected in the general health/
condition of the host.
L. argentimaculatus is a common inhabitant of the estuaries along
the coastal waters of southwest coast of India. Unlike other Asian
countries, in India, commercial culture of red snapper is in its initial
stages. Non availability of the fry limits the sustainability of
aquaculture and hatchery production is the only option left which
in turn necessitates a healthy broodstock. So far no information is
available on the parasites and their effects on L. argentimaculatus from
India. Preliminary investigations revealed the presence of heavy
acanthocephalan infections in red snappers from the southwest coast
of India. The present study was conducted to assess the pathological
manifestations of the acanthocephalan infection in the juveniles and
sub-adults of red snapper from selected estuaries along the southwest
coast of India. Other aquacultured species like Epinephelus malabaricus
and Lates calcarifer which shared the same habitat were also
examined for acanthocephalan infections.
2. Materials and methods
2.1. Sampling
Juveniles and sub-adults of L. argentimaculatuswere collected from
Calicut (Moorad estuary), Cochin (Vembanad lake) and Kannur
(Kattampally estuary) along the southwest coast of India. E.
malabaricus was collected from Calicut (Moorad estuary) and Kannur
(Kattampally estuary) while L. calcarifer was collected from Cochin
(Vembanad lake) (Fig. 1).
The ﬁshes ranging from 80 to 210 g were dissected, intestines
removed and placed in physiological saline in petri dishes. The entire
intestine was dissected open longitudinally and examined for the
presence of acanthocephalan parasites under a Leica S6D stereozoom
microscope (Leica, Wetzlar, Germany). The intestine along with the
parasites was placed under refrigeration for a day for dislodging the
attached parasites and for extending and everting their proboscis.Fig. 1. Map of the southwest coast of In
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red snapper (Lutjanus argentimaculatus) (Forsskål, 1775), a candidate spParasites attached ﬁrmly to the walls/tissue of the intestine were
dissected out with the aid of ﬁne needles and forceps. The specimens
were then ﬁxed in cold 75% ethanol.
2.2. Whole mounts
For preparing whole mounts, specimen were pressed slightly
between glass slides, ﬁxed in AFA (alcohol–formol–acetic acid)
overnight, stained with Semichon's acetocarmine stain and counter
stained with fast green (Lasee, 2006).
2.3. Scanning electron microscopy
For Scanning electron microscopy, parasites were ﬁxed in 2.5%
glutaraldehyde followed by 1% Osmium tetroxide, dehydrated in
acetone series, critical point dried, gold coated and observed under a
Scanning electronmicroscope (JEOL 6490 LA, Japan) at an acceleration
voltage of 8kv and electron micrographs taken.
2.4. Histopathology
For histopathology work, infected intestines were ﬁxed in 10%
neutral buffered formalin, dehydrated in ethanol series, cleared,
embedded in parafﬁn and 6 μm thick sections were taken using a Leica
Microtome (Leica, Wetzlar, Germany). The sections were stained
using Harris Haematoxylin and Eosin and examined under a light
microscope (Nikon Eclipse 80i, Tokyo, Japan) and photomicrographs
were taken.
3. Results
3.1. Prevalence and intensity
The examination of the intestine of L. argentimaculatus revealed
the presence of heavy infection with the parasite (Fig. 2a). All the ﬁsh
collected from Moorad estuary (Calicut) were found to be infected,
while those from Vembanad lake (Cochin) and Kattampally estuary
(Kannur) showed 74% and 57% prevalence respectively. Infections
were recorded from E. malabaricus from Calicut and Kannur with a
prevalence of 100% and 50% respectively. The worms were yellow todia showing the sites of collection.
of the acanthocephalan parasite, Tenuiproboscis sp. in the mangrove
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Fig. 2. a—Outer view of the posterior intestine showing the nodule-like connective tissue capsules enclosing the proboscis protruding into the lumen; b— intestine cut open to show
the heavy parasite load; c — whole mount of the parasite stained with Semichon's acetocarmine and counter stained with fast green; d — scanning electron micrograph of the
parasite showing the elongated neck without a proboscis bulb, a portion of the connective tissue capsule can be seen on the posterior portion of the neck; and e— scanning electron
micrograph of the heavily armed proboscis. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
3N.K. Sanil et al. / Aquaculture xxx (2010) xxx–xxxorange in colour and were seen attached to the posterior region of the
intestine (Fig. 2b). The intensity of infection varied from moderate to
very heavy with the numbers varying from 4 to 268 in L.
argentimaculatus. In E. malabaricus collected from Calicut, the
intensity of infection varied from moderate to heavy (18 to 213)
while at Kannur it was low (4). Only 1 specimen of L. calcarifer was
examined from Cochin and intensity of infection was very low with
only 2 parasites recorded (Table 1).
3.2. Morphology
The metasoma of the parasite was cylindrical, with a bulb like
swelling at its anterior and tapering towards the posterior. PossessesTable 1









Lutjanus argentimaculatus Calicut 25 25 100
Cochin 19 14 74
Kannur 7 4 57
Epinephelus malabaricus Calicut 3 3 100
Kannur 2 1 50
Lates calcarifer Cochin 1 1 100
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red snapper (Lutjanus argentimaculatus) (Forsskål, 1775), a candidate span elongated neck with a heavily armed proboscis, but without a
proboscis bulb (Fig. 2c and d). Males were smaller than females.
Scanning electron microscopic studies showed that the proboscis was
heavily armed with 14–16 longitudinal rows of spines (Fig. 2e). The
anterior spines were larger in size which decreased progressively
towards the posterior but the posterior most row of spines was again
larger. Based on the morphological features the parasite has been
identiﬁed as Tenuiproboscis sp.3.3. General pathology
The heavily infected, posterior region of the intestine appeared
swollen with the anterior ends of some worms projecting into the
peritoneal cavity enclosed in a connective tissue capsule. A cross
section of the intestine showed that the intestine was packed with
parasites, almost blocking the intestinal lumen (Fig. 3a). At the site of
parasite attachment, the surface of the intestine appeared thickened
(Fig. 3b).
In E. malabaricus the parasites were found to occupy the entire
stretch of the intestine posterior to the stomach and the intensity of
infection was very heavy. The proboscis of most of the parasites
enclosed in a capsule was seen projecting into the peritoneal cavity in
a melanised condition, while in L. argentimaculatus it was less.f the acanthocephalan parasite, Tenuiproboscis sp. in the mangrove
ecies..., Aquaculture (2010), doi:10.1016/j.aquaculture.2010.10.027
Fig. 3. a — Cross section of the intestine with heavy parasite load showing the blocked intestinal lumen; and b — surface of the intestinal epithelium, arrow heads indicate the
thickenings at the site of parasite attachment.
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Histopathological studies revealed severe damage to the wall of
the intestine (Fig. 3a). The mucosal epithelium of the intestine
opposed to themetasoma of the worm showed compression, abrasion
and desquamation (Fig. 4a and b) and the lamina propria appeared
thickened (Fig. 4c). Hyperplasia of the intestinal villi and lamina
propria were observed (Fig. 4d). Intestinal folds at the sites of parasite
attachment had their tips eroded and appeared ﬂattened along with
increased mucus production (Fig. 4e). Degeneration and necrosis of
the mucosal epithelium was evident and in many areas they were
totally eroded, drastically reducing the absorptive area available for
the digestive and absorptive functions of the animal. In intestinal villi
near the site of parasite attachment, the epithelial cells were found
detached, capillaries were ruptured and clumps of RBC seen lying free
in the lumen (Fig. 4f and g). Changes in microvasculature including
enlargement and proliferation of blood vessels and dilation of
lymphatic vessels were observed in the intestinal villi with hyper-
plasia. In some of the capillaries the numbers of RBCs visible were very
low (Fig. 4h).
The presoma of the parasites were found to pierce the mucosal
epithelium, lamina propria, stratum granulosum, muscularis and
serosa of the wall of the intestine forming a tunnel surrounded with
collagenous ﬁbers and granulocytes (Fig. 5a). Inﬂammation, granular
tissue formation, connective tissue proliferation and associated host
immune reactions were evident in the tissues. Aggregation of
lymphocytes and the presence of large number of granulocytes and
ﬁbroblasts suggest inﬂammatory responses (Fig. 5b, c, d and e).
Though the parasite was enclosed in a ﬁbrous capsule of host origin,
the integument of the parasite appeared to be unaffected by the
inﬂammatory responses mounted by the host's immune system
(Fig. 5f). The large, last row of spines on the proboscis were seen
anchored ﬁrmly in the surrounding connective tissue capsule
(Fig. 5g). The neck region of the parasite was particularly long, in
many cases the proboscis was seen traversing the entire breadth of
the intestinal wall and reaching the peritoneal cavity, enclosed in a
ﬁbrous connective tissue jacket of host origin (Fig. 5h). The worms did
not produce any visible ill effects on the general health of the animals.
However, histopathological studies revealed severe pathological
changes and the mechanical damage caused by the worms have
totally destroyed the architecture of the intestinal tissues (Fig. 6).
4. Discussion
This is the ﬁrst report of a Tenuiproboscis sp. infecting L.
argentimaculatus, causing serious pathological conditions in the
infected ﬁsh. Generally in parasitic infections, the host immune
system reacts in different ways to the parasite stages and the
cellular responses invariably attempts to isolate and destroy thePlease cite this article as: Sanil, N.K., et al., Pathological manifestations
red snapper (Lutjanus argentimaculatus) (Forsskål, 1775), a candidate spparasites. The most severe pathology is often a combination of
efﬁcient parasite replication and excessive host response (Feist and
Longshaw, 2008).
Histopathological changes in ﬁsh intestines due to acanthoceph-
alan infections depend on various factors such as species of parasite
and host nature of the infected tissues and host-parasite interactions.
The nature and thickness of the various tissue layers, length of the
neck and proboscis, presence or absence of a proboscis bulb and the
nature of spination also affect the pathological outcome. The
mechanical destruction to the host's intestinal tissue is usually
followed by host immune responses like proliferation of ﬁbroblasts
and granular cell inﬁltration around the invader, resulting in the
formation of a collagenic capsule around it (Schelhaas, 1980), which is
very much evident in the present study.
The pathology of acanthocephalan parasites in ﬁshes especially
with reference to Pomphorhynchus laevis has been well documented
(Hine and Kennedy, 1974; Mcdonough and Gleason, 1981; Wanstall
et al., 1986; Dezfuli, 1991). Usually in acanthocephalan infections,
pathology appears to be negligible when parasites are attached to the
epithelial mucosa only but deeply embedded forms like Pomphor-
hynchus spp. can cause serious pathological conditions resulting in
extensive granuloma and subsequent ﬁbrosis (McDonough and
Gleason, 1981; Kabata, 1985). Extensive inﬂammation, peritonitis
due to perforation of the gut and systemic clinical changes will occur
only in massive infections, most often in farmed ﬁsh (Bullock, 1963).
In the present case, the parasite, Tenuiproboscis sp. has consider-
ably damaged the tissue architecture of the host's intestine. When
compared to the normal, the infected posterior region of the intestine
appeared swollen and ﬂabby which can be attributed to the
structurally weakened circular and longitudinal muscle layers of the
intestine succumbing to the pressure from the heavy load of parasites
inside the lumen. In heavy infections, the intestine appeared to be
packed with parasites, almost blocking the intestinal lumen, which
will adversely affect the movement of digested materials within
the intestine and the absorption of nutrients. de Buron and Nickol
(1994), reported occlusion and signiﬁcant distention of caeca in
Lepomis cyanellus infectedwith the acanthocephalan Leptorhynchoides
thecatus.
The wall of the intestine in ﬁshes is composed of an inner
epithelium, lamina propria, stratum compactum, stratum granulo-
sum, circular and longitudinal muscle layers and an outer serosa,
while the intestinal folds are composed of columnar epithelium and a
core of lamina propria (McDonough and Gleason, 1981). In L.
argentimaculatus stratum compactum was not observed but stratum
granulosum was present. Unlike other species of acanthocephalans,
Tenuiproboscis sp. possesses a long neck and penetrates deep into the
wall of the intestinewith the heavily armed proboscis often projecting
into the peritoneal cavity. The pronounced thickening of the intestinal
surface around the site of attachment of the parasites could be due toof the acanthocephalan parasite, Tenuiproboscis sp. in the mangrove
ecies..., Aquaculture (2010), doi:10.1016/j.aquaculture.2010.10.027
Fig. 4. a and b—Damaged intestinal epithelium showing compression, abrasion and desquamation (arrow heads); c— proliferation and thickening of lamina propria; d—Hyperplasia
of the intestinal villi and lamina propria near the site of parasite attachment; e— eroded and ﬂattened intestinal folds, increased mucus production is visible; f— ruptured intestinal
epithelium; g — detached epithelium along with clumps of RBC lying free in the lumen; and h — proliferation of blood vessels in the hyperplasic intestinal villi. L — lumen.
5N.K. Sanil et al. / Aquaculture xxx (2010) xxx–xxxhyperplasia. Yildiz et al. (2004) have also observed a marked
thickening of the lamina propria and localized inﬂammation in P.
laevis infection in tench. The nature of the pathological changes
observed in the intestinal tissues, viz. compression of mucosal
epithelium at the point of attachment and the tissue damage to the
various layers of the intestine is in perfect agreement with the
changes described by Wanstall et al. (1986) for P. laevis infection in
Salmo gairdneri. George and Nadakal (1981) have also reported
degeneration and necrosis of the mucosal epithelium and excessive
mucus secretion in Rachycentron canadum infected with the acantho-
cephalan, Serrasentis nadakali. Changes in microvasculature were
observed in hyperplastic intestinal villi. Remodeling of vasculature is a
common feature encountered in inﬂammatory reactions. Jackson et al.
(1997) observed that inﬂammatory state can promote angiogenesisPlease cite this article as: Sanil, N.K., et al., Pathological manifestations o
red snapper (Lutjanus argentimaculatus) (Forsskål, 1775), a candidate spand many inﬂammatory mediators are direct or indirect stimulants of
angiogenesis. The presence of low numbers of RBCs in some of the
capillaries can be attributed to the dilation or enlargement of the
vessels. Chronic inﬂammation is associated with blood vessel
proliferation and enlargement and changes in vessel phenotype
(Thurston et al., 1998).
The presence of ﬁbrous inﬂammation tissue with immunologically
active cells which later contributes to the formation of the ﬁbrous
capsule around the parasite indicates strong host responses. Fig. 6, a
reconstructed image of the cross section of the infected region of the
intestine clearly shows the extent of tissue damage to the intestinal
folds and muscle layers and only a small portion of the villi remained
intact. Parasite induced ﬁbrosis in the intestinal wall along with the
associated biochemical reactions will induce loss of gut motilityf the acanthocephalan parasite, Tenuiproboscis sp. in the mangrove
ecies..., Aquaculture (2010), doi:10.1016/j.aquaculture.2010.10.027
Fig. 5. a — Parasite penetrating the wall of the intestine. L — Lumen, P — peritoneal cavity; b — proboscis of the parasite (arrow) surrounded by a connective tissue capsule (arrow
head); c— enlarged view of the proboscis showing connective tissue formation. cm— circularmuscles; d— section of connective tissue capsule. cm— circularmuscles, ct— connective
tissue capsule; e— lymphocytes, granulocytes and ﬁbroblasts at the site of inﬂammation; f— intact tegument of the anterior region of the proboscis (arrow) enclosed in the connective
tissue capsule; g— spines on the proboscis anchored ﬁrmly in the surrounding connective tissue capsule; and h— proboscis enclosed in connective tissue jacket protruding into the
peritoneal cavity.
6 N.K. Sanil et al. / Aquaculture xxx (2010) xxx–xxx(Nickol, 2006). Further, severe damage to the intestinal folds will
drastically reduce the absorptive area available for the digestive and
absorptive functions of the animal.
The presence of encapsulated proboscis projecting into the
peritoneal cavity is a function of the thickness and nature of the
wall of the intestine and the melanised host capsule around the
proboscis indicates host immune response, however in the present
case, the surface of the proboscis appeared to be unaffected by the
host's immune responses. The depth of penetration of some species
can vary with different host species (Taraschewski, 1988) and this
explains the observation of large number of worms projecting into the
peritoneal cavity in E. malabaricus.Please cite this article as: Sanil, N.K., et al., Pathological manifestations
red snapper (Lutjanus argentimaculatus) (Forsskål, 1775), a candidate spTaraschewski (2000) has observed that the pathogenicity of
acanthocephalans is mainly caused by two factors, density of worms
and depth of parasite penetration into the host tissues. Though the
pathological effects are localized around individual worms, in the
present case with unusually high parasite load, total destruction of the
tissue architecture due to the collective pathological changes had
occurred. However, the ﬁsh appeared healthy without any clinical
manifestations and this observation is in agreement with the views of
Hine and Kennedy (1974). In heavy infections the amount of nutrients
drained by these worms may be of considerable physiological
consequence to the host animals. Severe irreversible damage to the
intestinal villi will drastically reduce the absorptive area available forof the acanthocephalan parasite, Tenuiproboscis sp. in the mangrove
ecies..., Aquaculture (2010), doi:10.1016/j.aquaculture.2010.10.027
Fig. 6. Reconstructed image of the cross section of the intestine showing the extent of
tissue damage to the intestinal folds andmuscle layers, note that only a small portion of
the villi remains intact. L — Lumen, P — peritoneum.
7N.K. Sanil et al. / Aquaculture xxx (2010) xxx–xxxthe normal digestive and absorptive functions of the animal while the
damages associated with the tissue reactions in the wall of the
intestine will alter the nature of the tissues, affecting its functional
efﬁciency and the overall health status of the ﬁsh.
Tenuiproboscis was ﬁrst reported from Japan with T. misgurni as
type species (Yamaguti, 1935); subsequently 6 more species were
reported from the Indian subcontinent (Gupta and Sinha, 1989, 1991;
Gupta and Naqvi, 1993; Bhattacharya, 2007; Saxena and Gupta, 2007).
Studies on the parasites of red snapper from the neighboring
countries did not report any Tenuiproboscis sp. infections (Arthur
and Ahmed, 2002; Chandra, 2006; Ghaffar, 2007). This is the ﬁrst
study on the detailed pathological manifestations of Tenuiproboscis sp.
and is also the ﬁrst report of the parasite from L. argentimaculatus, E.
malabaricus and L. calcarifer. A prevalence of 100% in L. argentimacu-
latus, and E. malabaricus combined with high intensity of infections in
Moorad estuary, Calicut indicates that Tenuiproboscis sp. is less host
speciﬁc and the ecological requirements for intermediate hosts and
parasite transmission are met, favoring the establishment of the
parasite. Heavy infections with Tenuiproboscis sp. capable of causing
irreversible damage to the intestinal tissues can seriously affect the
health and quality of the L. argentimaculatus broodstock and thereby
making the ﬁsh unﬁt for hatchery production. As currently the
hatchery production of ﬁn ﬁshes in the region depends solely on
brood stock sourced from the wild, further studies are required to
understand the intermediate host and life cycle pattern of the parasite
and to elucidate possible management measures.
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